Deaths from opioid pain reliever overdose in the United States quadrupled between 1999 and 2013, concurrent with an increase in the use of the drugs. We used data from the Medical Expenditure Panel Survey to examine trends in opioid pain reliever expenditures, financing by various payers, and use from 1999 to 2012. We found major shifts in expenditures by payer type for these drugs, with private and public insurers paying a much larger share than patients in recent years. Consumer out-of-pocket spending on opioids per 100 morphine milligram equivalents (a standard reference measure of strength for various opioids) declined from $4.40 to $0.90 between 2001 and 2012. Since the implementation of Medicare Part D in 2006, Medicare has been the largest payer for opioid pain relievers, covering about 20-30 percent of the cost. Medicare spends considerably more on these drugs for enrollees younger than age sixty-five than it does for any other age group or than Medicaid or private insurance does for any age group. Further research is needed to evaluate whether payer strategies to address the overuse of opioids could reduce avoidable opioid-related mortality.
The rise in mortality from opioid pain reliever overdose coincided with a change in the medical treatment of pain. In the 1990s pain specialists argued that selected patients with chronic noncancer pain could be successfully treated with opioid pain relievers. 5 In 1998 the Federation of State Medical Boards published model guidelines that suggested flexibility in pain management, including broader use of opioids. 6 The Joint Commission required providers to assess pain during most patient encounters. 7 The Veterans Health Administration incorporated routine assessment of pain as the "fifth vital sign" in 2000. 8 All of these changes in pain management coincided with a dramatic increase in the medical use of opioid pain relievers, starting in the 1990s. 1, 9 In the same time period some pharmaceutical companies conducted extensive campaigns to promote the use of the drugs. 10 Also beginning in the 1990s, employees' health plans increasingly included prescription drug coverage. Insurers have assumed an increasing share of prescription drug expenditures. 11 On average, consumers' out-of-pocket spending as a share of total prescription drug spending declined from 26 percent in 2001 to 17 percent in 2011, while Medicare's share of total prescription drug spending increased from 2 percent to 24 percent and Medicaid's share declined from 17 percent to 8 percent. 12 There is limited research on the impact of insurance coverage on the use of opioid pain relievers, but past research on overall medical spending found that reducing the out-of-pocket share of payment for medical services led to an increase in overall utilization and expenditure. 13 Several studies [14] [15] [16] [17] [18] have examined opioid prescribing, dependence, and overdose for the population covered by specific third-party payers. Inappropriate prescribing of opioids has been demonstrated to be prevalent in both publicly and privately insured populations.
Among publicly covered populations, there was substantial growth in the number of opioid prescriptions covered by Medicare Part D from 2007 to 2012, and prolonged use (for ninety days or more) of opioids has been associated with increased odds of emergency department visits and hospitalizations related to opioid overdose in the Medicare Part D population. 14 A study of Medicaid beneficiaries showed that 40 percent of patients with an opioid prescription had at least one marker of potentially inappropriate prescribing (for example, overlapping opioid and benzodiazepine prescriptions or high daily dosages). 15 Also, the Medicaid population has a higher rate of deaths related to opioid pain relievers than the general population does. 16 A study in Washington State found that even though the Medicaid-enrolled population represented just 20.2 percent of the total state population, 45 percent of deaths in Washington from opioid pain reliever overdoses were among Medicaid enrollees. 17 Among privately insured people who received an opioid prescription, 25 percent had at least one marker of inappropriate prescribing. 18 Previous research on opioid use has documented patterns of use and potentially inappropriate prescribing, but few studies have examined differences in use and spending patterns across different types of third-party payers. One exception was a study that used HealthCore data to compare the privately insured to Medicaid beneficiaries in Arkansas. 19 The study found that Medicaid enrollees had higher rates of opioid prescriptions and took higher opioid dosages. While this study yielded important information about the differences in opioid prescribing across payer populations, how representative its Medicaid sample was of the Medicaid population beyond Arkansas or nationally is unknown.
There have been substantial changes in insurer payments for pharmaceuticals during the past decade. For example, prescription coverage became available for Medicare recipients through Medicare Part D in 2006. But there is limited information on the use of opioids in the Medicare population since that time. Studies of Medicare recipients have mostly examined the receipt of opioids from multiple sources and issues of fraud. 20 However, a recent analysis found that opioid prescribing for enrollees in Medicare Part D is widely distributed across providers, which suggests that a focus on outlier prescribing might miss important trends in opioid utilization. 21 To our knowledge, no systematic research on expenditure patterns for opioid pain relievers across different payers has been conducted. Nor has any research analyzed different demographic groups within each payer. Specifically, we paid attention to the Medicare population. Medicare recipients include both groups of people with relatively low rates of overdose mortality related to opioid pain relievers (people ages sixty-five and older) and those with relatively high rates of overdose mortality (nonelderly adults), compared to the national average.
Understanding the source of payment for opioid pain relievers may help identify potential ways to prevent overdose, because payers have a financial incentive to reduce inappropriate prescribing. We used data for the period 1999-2012 from the Medical Expenditure Panel Survey (MEPS) to document trends in opioid prescribing and expenditures by payer type and to investigate the interaction of insurance coverage and opioid pain reliever use and spending.
We examined the following four questions: How much was spent on opioid pain relievers in the United States? What proportions of the spending were out of pocket and by public and private payers? Was increased insurance coverage associated with a decrease in the cost per dose of opioid pain relievers? Finally, if there was a significant change over time in the pattern of third-party payment-for example, if Medicare started to play a large financing role-did the change have different effects on patients in groups with higher rates of overdose (such as people ages 25-64) and the general population?
Study Data And Methods

DATA
We used MEPS data to examine payer trends in use of opioid pain relievers. Because the International Classification of Diseases, Tenth Revision (ICD-10), codes used for opioid drug poisoning deaths since 1999 are not comparable to those in the ICD, Ninth Revision (ICD-9), codes used previously, and because 2012 was the most recent year of MEPS data available, we limited our analysis to 1999-2012. MEPS is a nationally representative survey of the US civilian noninstitutionalized population on health service use and expenditures. MEPS was the most complete source of survey data on the cost and use of health care and health insurance coverage for our study. 22 We used the MEPS prescribed medicines file to identify opioid prescriptions during each survey year. We matched that file with the consolidated data file to obtain characteristics of individual patients. The prescribed medicines file contains information on all prescriptions filled during the year for all participants in MEPS. Information on any prescription drugs purchased or obtained via free samples and the date on which the person first used the medicine were obtained from individuals interviewed in the MEPS Household Component. For each medication reported, the pharmacy was contacted to report the date filled, National Drug Code, medication name, strength of medication, quantity, and payment by source. We used the National Drug Code classification system to identify prescriptions for opioid pain relievers for MEPS participants. Opioids were identified from the compilation of formulations of opioid pain relievers from the Centers for Disease Control and Prevention (CDC).
Individuals with at least one opioid prescription were included in our analysis. In 1999 about 7 percent of the MEPS participants were prescribed any opioids. By 2012 that share had increased to 10 percent. In 2012 there were 3,534 MEPS participants with at least one opioid prescription, representing approximately thirty-six million people with any opioid consumption nationally when weighted. Of this population, 20 percent were ages 65 and older, and 40 percent were ages 45-64. Fifty-eight percent were female, and 80 percent were white.
METHODS
We defined expenditure as the sum of payments for opioid prescriptions. Expenditure during the study period was adjusted by the MEPS pharmaceutical price index, which used 2009 as the base year. Sources of payment were the following: self-pay, private insurance, other private insurance (that is, worker's compensation or other unclassified insurance, such as automobile, homeowner's, and liability insurance; and insurance from other miscellaneous or unknown sources), Medicare, Medicaid, and other public insurance (that is, from the Veterans Health Administration, Tricare, other federal sources, other state and local sources, and other public sources).
Finally, to compare the strength of a given amount of opioid pain relievers across specific brands and formulations of drugs, we converted the dosage of the amount of the drug purchased to its morphine milligram equivalent (MME). Total MME for each prescription was calculated as follows: We multiplied the quantity of each prescription by the strength of the prescription (milligrams of opioid per unit dispensed) and then multiplied the result by conversion factors derived from published sources to estimate the MME of the opioids dispensed in the prescription. These conversion factors are provided in the CDC's compilation of formulations of opioid pain reliever with MME conversion factors. 23 We also examined the amount of drugs by payer type. In cases where there were multiple payers (such as when a private insurance beneficiary has a copayment), we allocated MMEs by the percentage of the total expense that was paid by each payer. To examine the expenditure for opioids by payer and patient characteristics, we calculated expenditures per opioid patient, by payer and age category.
LIMITATIONS
This study was subject to several limitations. First, we were not able to explore any potential drug diversions from patients to others who might misuse the medication. Second, as a national survey, MEPS is designed to produce overall national expenditure estimates, but it does not provide detailed estimates for less prevalent conditions such as prescription drug overdose. Third, we did not have enough observations to investigate characteristics of individual prescriptions that might be associated with risk (for example, high dose) or to evaluate state programs such as prescription drug monitoring programs. In 2006, fewer than eight million of the forty-six million Medicare beneficiaries were younger than sixty-five. 24 Most Medicare enrollees in this age group have a long-term disability or end-stage renal disease. In 2006, Medicare spent more for opioid pain relievers on people younger than age sixty-five ($1.8 billion) than it did on people ages sixty-five and older ($637 million). In the same year, Medicare also spent more for the drugs on people younger than age sixty-five than Medicaid did ($280 million). Medicare continued to outspend Medicaid for the younger age group after 2006 (Exhibit 2).
Study Results
SPENDING AND THIRD-PARTY PAYMENTS
We also found that Medicare paid significantly more per patient for opioid pain relievers than Medicaid or private insurance did (Exhibit 3). Furthermore, there were substantial differences in per capita spending for payers by patient age. Spending by Medicare for people ages 45-64 was not only dramatically higher than for beneficiaries ages 65 and older, but it was also higher than spending by any other payer for any age group. Medicaid also paid significantly more for patients ages 45-64 than it did for any other age group. By contrast, per patient spending for opioids by private insurance did not differ significantly across the three older age groups in our analysis.
USE OF OPIOIDS
Even though total expenditures for opioid pain relievers did not increase substantially from 2006 to 2012, the amount of opioids prescribed continued to grow (Exhibit 4). The total amount of opioids (in MME) prescribed tripled between 1999 and 2012. The overall trends for MME are significant. Total opioids prescribed in terms of MME almost doubled between 2006 and 2012, while total expenditures changed little. This suggests that there has been a shift toward less expensive drugs but not toward weaker ones over this time period.
To further examine whether there has been a shift toward less expensive opioids, we calculated the cost per 100 MME by payer type (see the online Appendix). 25 In recent years, opioids prescribed to the noninstitutionalized US population have become less expensive for a given drug strength, and the amount of the cost that patients pay out of pocket has declined as well. The average cost per 100 MME was around $8.90 in 2001. Approximately half of this amount came from out-of-pocket spending, and about one-fourth came from private insurance. By 2006 the cost per 100 MME had not changed substantially, but out-of-pocket spending covered approximately one-third of that amount instead of one-half; private insurance covered slightly less than one-quarter. Consumers' out-of-pocket spending on opioids per 100 MME declined from 
Discussion
This study found substantial changes in the financing and cost of opioid pain relievers that coincided with the large increase in mortality associated with these drugs during the period 1999-2012. The consumer out-of-pocket share decreased from 53 percent in 1999 to 18 percent in 2012. This means that third-party payment for the drugs increased from 47 percent in 1999 of the total spending to 82 percent in 2012. Out-of-pocket spending for the drugs declined from $4.40 in 2001 to $0.90 in 2012. Medicare Part D probably had an impact on prices of these drugs. Even though Medicare does not directly negotiate drug prices with insurance companies, previous research has shown that the introduction of the Medicare drug program was associated with decreased prices in therapeutic classes that contained multiple competing drugs. 26 Consistent with this research, we found that the average cost of opioid pain relievers declined after 2006.
The growing importance of third-party payment for opioid drugs-particularly the dramatic change associated with the implementation of Medicare Part D-raises the question of how financing changes are related to consumption of opioid pain relievers. The dramatic increase in Medicare spending on the drugs may seem incongruous, given the relatively low rate of fatal overdose in the elderly population. We found that since 2006, Medicare has spent more than Medicaid on opioids for people younger than sixty-five.
A potential explanation for this is that there has been a shift in how people enrolled in both Medicare and Medicaid (known as "dual eligibles") receive prescription benefits. Dual eligibles, including those younger than age sixty-five and low-income seniors, received prescription drug benefits through Medicaid before 2006 and through Medicare Part D after 2006. 27 Adults who receive Social Security Disability Insurance (SSDI) for twenty-four consecutive months are automatically enrolled in Medicare 28 and receive prescription benefits through Medicare Part D. MEPS does not have sufficient information to identify the amount of time that SSDI recipients have received payments, but it is likely that most of the population receiving Medicare payments before age sixty-five are eligible for them because of disability. Given that Medicare spending for opioids among patients younger than age sixty-five has exceeded Medicaid spending for opioids since 2006, disabled Medicaid enrollees receiving their prescription benefits through Medicare Part D likely represent a large percentage of Medicaid recipients who are prescribed opioids. Medicaid recipients are at higher risk for overdose related to opioid pain relievers than the general population, 16 and many of these patients may receive their prescription benefits through Medicare.
Patients receiving SSDI may be more likely than other patients to receive opioid pain relievers for many reasons. Several diagnoses that could contribute to limited functional capacity to work are also associated with long-term opioid use, including depression, 29 back pain, neck pain, arthritis or joint pain, and headache. 30 Providers may be prescribing opioids to patients with chronic pain to improve functional capacity, even though there is insufficient evidence to determine whether pain or functional capacity improves with long-term opioid use for chronic pain. 31 In addition, exposure to chronic opioid therapy among patients with new diagnoses of chronic noncancer pain is a strong risk factor for incident opioid use disorder, 32 which may contribute to the limited ability to work.
Even though our study did not explore the health conditions for which these drugs were prescribed, inappropriate prescribing is known to be common. 15 The CDC recently published guidelines for prescribing opioids for chronic pain outside of active cancer treatment, palliative care, and end-of-life care. 33 The audience for the guidelines is primary care providers, who prescribe the greatest proportion of opioids in the United States, including in Medicare. 21 The guidelines recommend using non-opioid therapies for chronic pain, using opioids for chronic pain only when the benefits are likely to out-weigh the risks, and prescribing the lowest effective dosage when opioids are used.
Insurers have begun to implement a variety of approaches to reduce inappropriate prescribing of opioids. For example, insurance plans have used drug utilization review to attempt to reduce potentially dangerous or inappropriate opioid use. 34 In addition, there have been several state Medicaid initiatives to address the inappropriate use of opioids. These include patient review and restriction programs, which have been found to be associated with cost savings and changes in utilization. 35 Newer Medicaid initiatives include prior authorization for high-dose and long-acting opioid pain relievers 36 and pharmacy management review programs. 37 The Centers for Medicare and Medicaid Services (CMS) implemented the Overutilization Monitoring System in 2013. 20 CMS uses this system to analyze data on prescription drug utilization and identify patients who may be overusing opioid pain relievers; it reports this information to the patients' Medicare Part D plan sponsors. CMS also uses the National Benefit Integrity Medicare Drug Integrity Contractor to monitor fraud and abuse in the Medicare Part D program and since 2013 has directed that contractor to focus on proactive data analysis in Part D. Evaluations of prescribing behaviors and patient outcomes associated with these programs will be critical for determining whether they reduce high-risk opioid use, overdose, and other adverse outcomes. 35 
Conclusion
This study documented changes in the financing of opioid pain relievers that coincided with the opioid overdose epidemic. Insurance (private and public) now pays most of the cost for the drugs. Since the implementation of Medicare Part D in 2006, Medicare has been the leading payer for the drugs, accounting for about 20-30 percent of the cost. We observed a decline in opioid drug unit costs after 2006 as well. Medicare spent considerably more on these drugs for enrollees younger than age sixty-five than it did for any other age group or than Medicaid or private insurance payer did for any age group.
Our study was the first to comprehensively examine the financial aspects of use of opioid pain relievers at the population level. Further work is needed to evaluate how strategies employed by various payers can decrease high-risk opioid utilization and ultimately reduce overdose mortality, while ensuring that patients with pain are treated appropriately.
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